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(57) ABSTRACT

There 1s provided a composition for forming a resist under-
layer film that has a high selectivity of dry etching rate even
though the composition contains an aromatic ring such as a
benzene ring, and that 1s useful 1n lowering LER that presents
a large problem 1n EUV (wavelength 13.5 nm) lithography.
Moreover, another object 1s to obtain a composition for form-
ing a resist underlayer film that provides a resist pattern
having a desired shape on the resist underlayer film. A resist
underlayer film forming composition for lithography which
includes a polymer and a solvent, wherein 1n the polymer,
diphenyl sulfone or a dermvative thereotf 1s introduced 1n the
main chain of the polymer through an ether bond.

8 Claims, No Drawings



US 8,722,840 B2

1

RESIST UNDERLAYER FILM FORMING
COMPOSITION, AND METHOD FOR
FORMING RESIST PATTERN USING THE
SAME

TECHNICAL FIELD

The present invention relates to a composition useful for
forming a resist underlayer film between a substrate and a
resist film formed thereon 1n order to obtain a resist pattern
having a desired shape 1n a lithography process 1n the process
of manufacturing semiconductor devices. The present mven-
tion also relates to a composition for forming a resist under-
layer film that 1s suitable for the lithography process using
EUV exposure.

BACKGROUND ART

As a material for forming a resist underlayer film for EUV
exposure, a resist underlayer film forming composition that
reduces generation of outgas 1s disclosed (Patent Document
1). As another disclosure, a resist underlayer film forming
composition including a reaction product of a bifunctional
diglycidyl ester compound and 2,4-dihydroxybenzoic acid,
which 1s not specified as a material for EUV exposure, 1s also
disclosed (Patent Document 2). However, in Patent Docu-
ment 1 and Patent Document 2, a two-dimensional polymer
obtained by a polyaddition reaction of a bifunctional digly-

cidyl ester compound and bisphenol S or 1ts dertvative 1s not
disclosed and not suggested.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1;: WO 2010/061774
Patent Document 2: WO 2009/057458

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

A cross section of a resist pattern formed on the resist
underlayer film 1n a direction perpendicular to a substrate 1s
desirably a rectangular shape. The imnventors of the present
invention have found from the experience of the inventors that
one of the methods for obtaining the rectangular shape 1s to
set an aromatic ring density in the resist underlayer film being
high.

The resist underlayer film 1s required to have higher dry
ctching rate than that of the resist film (to have higher selec-
tivity of the dry etching rate). However, a resist underlayer
f1lm formed from a composition including a polymer being an
acrylic resin or a methacrylic resin does not always provide a
satisfactory dry etching rate. This 1s because a bond between
carbon atoms with each other constituting the main chain of
the acrylic resin or the methacrylic resin (a C—C bond) may
not be easily cleaved by dry etching.

In addition, a width of a formed pattern line 1s 32 nm or less
in the case of EUV lithography, and thus, requirement for line
edge roughness (hereinafter 1n this specification, referred to
as LER) of side walls of the pattern 1s strict. When the shape
of the formed resist pattern 1s a tailed shape or a shape of
adjacent patterns being not separated but continuous, a value
of LER at the time of observation from above the pattern 1s
large. This causes an adverse effect on dimension control.
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Consequently, it 1s strongly required that the shape of the
resist pattern 1s set to a rectangular shape having a small LER
value.

An object of the present mvention i1s to obtain such a
composition for forming a resist underlayer film that has a
high selectivity of dry etching rate to a resist film even though
the composition contains an aromatic ring such as a benzene
ring, and that 1s useful 1n lowering LER that presents a large
problem i EUV (wavelength 13.5 nm) lithography. More-
over, another object of the present invention 1s to obtain a
composition for forming a resist underlayer film that provides
a resist pattern having a desired shape on the resist underlayer
film. The composition of the present invention has conditions
that the formed resist underlayer film 1s insoluble 1n a solvent
of the resist applied on the resist underlayer film and that
intermixing between the formed resist underlayer film and the
resist film does not occur.

Means for Solving the Problem

A first aspect of the present invention 1s a resist underlayer
film forming composition for lithography that includes a
polymer and a solvent. In the polymer, diphenyl sulfone or a
derivative thereol 1s introduced 1n the main chain of the poly-
mer through an ether bond. Here, the ether bond 1s “—0O—"".
An oxygen atom 1n the ether bond 1s usually bonded with a
carbon atom to form a C—O bond.

In the resist underlayer film forming composition for
lithography, the polymer includes repeating structural units of

Formula (1a) and Formula (1b):

(la)

R4
(1b)
‘RS REA
T T
\AJ Ay Aj Ay As Aﬁ/

(where each of R, R, R;, and R, 1s independently a hydro-
gen atom, an C, _, , alkyl group, a hydroxyl group, a methoxy
group, a thiol group, an acetyl group, a nitro group, an allyl
group, a phenyl group, or a naphthyl group; each of A, A,
A, Ay Ag, and A, 1s independently a hydrogen atom, a
methyl group, or an ethyl group; and Q 1s a divalent organic

group between two carbon atoms) as the main chain.
In Formula (1b), Q 1s Formula (2):

(2)
O O

—O0—C—Q—C—0—

(where Q, 1sa C, _,, alkylene group, a divalent organic group
having a C,_,, aliphatic cyclic hydrocarbon ring, a phenylene
group, a naphthylene group, or an anthrylene group; each of
the phenylene group, the naphthylene group, and the
anthrylene group is optionally substituted with at least one
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selected from the group consisting of a C,_. alkyl group, a
halogen atom, a C,_, alkoxy group, a nitro group, a cyano

group, and a C, . alkylthio group).
In Formula (1b), Q 1s also Formula (3):

(3)

[where X, 1s Formula (4) or Formula (5):

(4)

L=

(3)

|
R¢e O

(where each of R and R 1s independently a hydrogen atom,
a C, _ alkyl group, a C,_; alkenyl group, a benzyl group, or a
phenyl group; the phenyl group 1s optionally substituted with
at least one selected from the group consisting ot a C, _. alkyl
group, a halogen atom, a C, _; alkoxy group, a nitro group, a
cyano group, and a C, . alkylthio group; and R and R, are
optionally bonded to each other to form a C,_ ring)]. When
X, 1s Formula (35), the carbonyl group 1n Formula (5) bonds to
the nitrogen atom 1n Formula (3).

The repeating structural unit of Formula (1b) optionally
turther includes Q being the structural umit of Formula (2), 1n
addition to Q being the structural unit of Formula (3).

In Formula (1b), Q 1s also Formula (6):

(6)

(where R 1sa C, _. alkyl group, a C,_ alkenyl group, a benzyl
group, or a phenyl group; and the phenyl group 1s optionally
substituted with at least one selected from the group consist-
ing of aC, _. alkyl group, a halogen atom, a C, _. alkoxy group,
a nitro group, a cyano group, and a C, _ alkylthio group).

The repeating structural unit of Formula (1b) optionally
turther includes Q being the structural umit of Formula (2), 1n
addition to QQ being the structural unit of Formula (6).

10

15

20

25

30

35

40

45

50

55

60

65

4

The polymer optionally turther includes a repeating struc-
tural unmt of Formula (7).

(7)
OH O

PN
CY

NS

in addition to the repeating structural units of Formula (1a)
and Formula (1b).

In the present mvention, examples of the alkyl group
include a methyl group, an ethyl group, an 1sopropyl group,
an n-butyl group, and a cyclohexyl group. Examples of the
C,_ o alkylene group include a methylene group, an ethylene
group, an n-propylene group, an n-pentylene group, an n-oc-
tylene group, a 2-methylpropylene group, a 1.4-dimethylbu-
tylene group, a cyclopentylene group, a cyclobutylene group,
a cyclohexylene group, and a 2-methyl-cyclohexylene group.
Examples of the C,_,, aliphatic cyclic hydrocarbon ring
include a cyclohexane ring and an adamantane ring.
Examples of the C,_, alkoxy group 1include a methoxy group,
an ethoxy group, an n-pentyloxy group, an 1sopropoxy group,
and a cyclohexyloxy group. Examples of the C,_, alkylthio
group include a methylthio group, an ethylthio group, an
n-pentylthio group, an 1sopropylthio group, and a cyclohexy-
Ithio group. Examples of the C,_. alkenyl group include a
2-propenyl group and 3-butenyl group. The alkyl group, the
alkylene group, the alkoxy group, and the alkylthio group are
not limited to linear groups and may be branched structures or
cyclic structures. Examples of the halogen atom include fluo-
rine, chlorine, bromine, and 1odine.

The repeating numbers of the repeating structural unit of
Formula (1a) and Formula (1b) are, for example, 1n the range
of 10 or more and 10,000 or less.

Examples of the solvent included 1n the resist underlayer
film forming composition of the present mvention include
propylene glycol monomethyl ether (PGME), propylene gly-
col monomethyl ether acetate (PGMEA), propylene glycol
monopropyl ether, methyl ethyl ketone, ethyl lactate, cyclo-
hexanone, y-butyrolactone, N-methylpyrrolidone, and a mix-
ture of two or more solvents selected from these solvents. A
proportion of the solvent to the resist underlayer film forming
composition of the present invention 1s, for example, 50% by
mass or more and 99.5% by mass or less.

A proportion of the polymer in the resist underlayer film
forming composition of the present imvention to the resist
underlayer film forming composition can be, for example,
0.5% by mass or more and 30% by mass or less.

The resist underlayer film forming composition of the
present invention optionally includes a cross-linkable com-
pound (a cross-linking agent) and optionally further includes
a compound for accelerating the cross-linking reaction, 1n
addition to the polymer and the solvent. When a solid content
1s defined as components formed by removing the solvent
from the composition, the solid content includes the polymer,
and additives such as the cross-linkable compound and the
compound for accelerating the cross-linking reaction that are
added 11 necessary. A proportion of the polymer 1n the solid
content 1s, for example, 70% by mass or more and 98% by
mass or less. When the additives are not included, the propor-
tion of the polymer 1n the solid content can be 100% by mass.
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The cross-linkable compound 1s, for example, a nitrogen-
containing compound having 2 to 4 nitrogen atoms that are
substituted with a methylol group or an alkoxymethyl group,
and the compound can be added, for example, 1n a proportion
of 1% by mass or more and 30% by mass or less to the
polymer included in the resist underlayer film forming com-
position of the present invention. Specific examples of the
cross-linkable compound include hexamethoxymeth-
ylmelamine, tetramethoxymethylbenzoguanamine, 1,3,4,6-
tetrakis(methoxymethyl)glycoluril, 1,3.,4,6-tetrakis(bu-
toxymethyl)glycoluril, 1,3,4,6-tetrakis(hydroxymethyl)
glycoluril, 1,3-bisthydroxymethyl)urea, 1,1,3,3-tetrakis
(butoxymethyl)urea, and 1,1,3,3-tetrakis(methoxymethyl)
urea.

The compound for accelerating the cross-linking reaction
1s, for example, at least one selected from a sulfonic acid
compound and a thermal acid generator. The compound for
accelerating the cross-linking reaction can be added 1n a
proportion of, for example, 0.1% by mass or more and 10% by
mass or less to the polymer included in the resist underlayer
f1lm forming composition of the present invention. Examples
of the sulfonic acid compound include p-toluenesulfonic
acid, trifluoromethanesulifonic acid, pyridinium p-toluene-
sulfonate, camphorsulfonic acid, 5-sulfosalicylic acid,
4-chlorobenzenesulionic acid, 4-hydroxybenzenesulionic
acid, benzenedisulfonic acid, and 1-naphthalenesulfonic
acid. Examples of the thermal acid generator include 4-ac-
ctoxyphenyldimethylsulfonium hexafluoroarsenate, benzyl-
4-hydroxyphenylmethylsulfonium  hexafluoroantimonate,
4-acetoxyphenylbenzylmethylsulfontum  hexatluoroanti-
monate, dibenzyl-4-hydroxyphenylsulfonium hexafluoroan-
timonate, 4-acetoxyphenylbenzylsulfonium hexafluoroanti-
monate, 3-benzylbenzothiazolium hexatluoroantimonate,
2.4.4.6-tetrabromocyclohexadienone, benzoin tosylate, and
2-nitrobenzyl tosylate.

The resist underlayer film forming composition of the
present mvention optionally includes a surfactant and/or an
adhesion assistant. The surtactant 1s an additive for improving
coating properties to the substrate. Known surfactants such as
a nonionic surfactant and a fluorinated surfactant can be used.
The surfactant can be added to the resist underlayer film
forming composition of the present invention in a proportion
of, for example, 0.2% by mass or less. The adhesion assistant
1s an additive for improving adhesion properties between the
resist underlayer film and the substrate or the resist film, and
for preventing peeling of the resist film at the time of devel-
opment after exposure. For example, chlorosilanes, alkoxysi-
lanes, silazanes, silanes, and heterocyclic compounds can be
used as the adhesion assistant, and the adhesion assistant can
be added to the resist underlayer film forming composition of

the present invention 1n a proportion of, for example, 2% by
mass or less.

A second aspect of the present invention 1s a method for
forming a resist pattern for producing a semiconductor
device. The method includes: applying the resist underlayer
film forming composition of the present invention onto a
semiconductor substrate and baking the obtained substance to
form a resist underlayer film; forming a resist film on the
resist underlayer film; exposing the semiconductor substrate
coated with the resist underlayer film and the resist film; and
developing the resist film aiter the exposure.

The exposure performed in the second aspect of the present
invention can be performed by using EUV (wavelength 13.5
nm) or an electron beam. “EUV™ 1s an abbreviation of
extreme ultraviolet. Both of a positive type resist and a nega-
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tive type resist can be used for the resist for forming the resist
film. A chemically amplified resist that 1s sensitive to EUV or

an electron beam can be used.

Although a representative semiconductor substrate used 1n
the second aspect of the present invention 1s a silicon water, a
Silicon on Insulator (SOI) substrate or a compound semicon-
ductor waler made of such as gallium arsenide (GaAs),
indium phosphide (InP), and gallium phosphide (GaP) may
be used.

Eftects of the Invention

The resist underlayer film forming composition of the
present invention includes a polymer 1n which diphenylsul-
fone or a dervative thereof 1s introduced in the main chain
through an ether bond. For example, the resist underlayer film
forming composition includes a two-dimensional polymer
having repeating structural units of Formula (1a) and Formula
(1b). As a result, the resist underlayer film having high selec-
tivity of the dry etching rate to the resist film 1s obtained
without decreasing an aromatic ring density. The main chain
of the polymer included in the resist underlayer film forming
composition of the present mvention has a C—O bond (an
cther bond) that 1s cleaved more easily than a C—C bond 1n
dry etching, and thus, the resist underlayer film forming com-
position of the present invention can form a resist underlayer
film having higher dry etching rate than a conventional resist
underlayer film forming composition including a polymer
such as an acrylic resin or a methacrylic resin.

Introduction of diphenylsulfone or a derivative thereof
having benzene rings, which are aromatic rings, in the main
chain of the polymer can provide a formed resist underlayer
f1lm having a high density and a resist pattern having a desired
shape (a cross section 1n the direction perpendicular to the
substrate 1s a rectangular shape) can be formed.

BEST MODES FOR CARRYING OUT THE
INVENTION

The polymer included 1n the resist underlayer film forming,
composition of the present invention 1s a polyaddition reac-
tion product between at least one compound of Formula (8a):

(3a)
R
|
=4 }\ I -
\/o s—7 '\ _on
L)
2 ...___‘__‘

(where each of R, R, R;, and R, 1s independently a hydro-
gen atom, an C, _, , alkyl group, a hydroxyl group, a methoxy
group, a thiol group, an acetyl group, a nitro group, an allyl
group, a phenyl group, or a naphthyl group)
and at least one compound of Formula (8b):

(8b)
Q Q
/\  m g /\
T T
Al Ay Ag Ay As  Ag
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(where each of A, A,, A;, A, A, and A, 1s independently a
hydrogen atom, a methyl group, or an ethyl group; and Q 1s a
divalent organic group between two carbon atoms).

More specifically, at least one compound of Formula (8a)
and at least one compound of Formula (8b) are dissolved in an
organic solvent so as to be 1n an adequate molar ratio, and
thereafter polymerized in the presence of a catalyst that acti-
vates epoxy groups to obtain a polymer having repeating
structural units of Formula (1a) and Formula (1b). Bisphenol
S 1s one example of a compound of Formula (8a). Examples
of the catalyst that activates epoxy groups include quaternary
phosphonium salts such as ethyltriphenylphosphonium bro-
mide and quaternary ammonium salts such as benzyltriethy-
lammonium chloride. The catalyst can be used in an adequate
amount selected from a range of 0.1% by mass to 10% by
mass to the total mass of the compound of Formula (8a) and
the Formula (8b). Optimum conditions of temperature and
time in the polymerization reaction can be selected from
ranges of 80° C. to 160° C. and 2 hours to 50 hours.

In Formula (8b), Q 1s, for example, Formula (9):

()
O O

—O0—C—Q—C—0—

(where Q, 1s a C, _,, alkylene group, a divalent organic group
having a C,_, , aliphatic cyclic hydrocarbon ring, a phenylene
group, a naphthylene group, or an anthrylene group; each of
the phenylene group, the naphthylene group, and the
anthrylene group is optionally substituted with at least one
group selected from the group consisting of a C,_ alkyl
group, a halogen atom, a C, _, alkoxy group, a nitro group, a
cyano group, and a C, _. alkylthio group).

The compound of Formula (8b) 1s, for example, Formula
(10):

(10)

0
q |
H,C—C—C—0—~C
\/ |- 0
O | o
C—O0—(C—C—CL,
\ | / o\ /
‘ O
(Y)m

(whereY 1s a C, _; alkyl group, a halogen atom, a C, _; alkoxy
group, a nitro group, a cyano group, or a C, _. alkylthio group:;
m 1s an integer o1 0 to 4; and whenm 1s 2 to 4, Ys are the same
as or different from each other). The case of m being 0 means
that there are no substituents represented by Y.

In Formula (8b), Q 1s also Formula (11):

(11)
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(where R- 1s a C, _; alkyl group, a C,_, alkenyl group, a benzyl
group, or a phenyl group; and the phenyl group 1s optionally
substituted with at least one group selected from the group
consisting ofa C,_. alkyl group, a halogen atom, a C, _. alkoxy
group, a nitro group, a cyano group, and a C,_. alkylthio
group).

Specific examples of the compounds of Formula (8b) are
shown 1n Formula (12) to Formula (20).

(12)
O

SO
|

(13)

)
s
%

;
<
<

(14)

(15)

(16)
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-continued

vV
|

OV/\O Q\ofﬁ

O

O \
O OH
OH O
O
a
a:b=1:1

a:x(b+c¢)=1:1

OH \_ / Ol O\‘/ A
. . NN
7\
0 0 o O

ab=1:1

OH OH
O O
O O
a

ab=1:1

(17)

(18)

20

\

p "
e

asy
SN

10

-continued
(19)

(20)

The repeating structural units of the polymer included 1n

the resist underlayer

{1lm forming composition of the present

invention are exemplified in Formula (21) to Formula (25).

%\O\/O/N\

//\\

b

(21)

(22)
)
A /
(23)
/\‘/O
\/\
b
(24)

7\

O O
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-continued

O N O R
OH T \r OH ;‘\;
T

ab=1:1

For example, the polymer having the repeating structural
unit of Formula (21) 1s obtained by polymerizing the com-
pound of Formula (8a) and the compound of Formula (8b)
(the compound of Formula (10)). A polymer having the
repeating structural unit of Formula (22) 1s obtained by poly-
merizing the compound of Formula (8a), the compound of
Formula (8b) (the compound of Formula (10)), and 2,4-dihy-
droxybenzoic acid.

A molar ratio of the structural unmit of a and the structural
unit of b in Formula (21)1s 1:1. A molar ratio of the structural
unit of a, the structural unit of b, and the structural unit ¢ 1n
Formula (22) satisfies arelation of a:(b+c)=1:1. A molar ratio
of the structural unit of a and the structural unit of b 1n
Formula (23) 1s 1:1. A molar ratio of the structural umit of a
and the structural unit of b 1n Formula (24) 1s 1:1. A molar
rat10 of the structural unit of a and the structural unit of b in
Formula (25)1s 1:1.

Hereinafter, the present invention 1s specifically described
by Synthesis Examples and Examples. However, the present
invention 1s not limited to the description 1n Synthesis
Examples and Examples described below.

EXAMPLES

Weight average molecular weights shown i1n Synthesis
Example 1 to Synthesis Example 3 described below are based
on measurements by a gel permeation chromatography (here-
inafter, abbreviated to GPC 1n this specification). The GPC
system manufactured by Tosoh Corporation was used for the

measurement and measurement conditions are as tollows.
GPC Column: Shodex [registered trademark]/ Asahipak [reg-

istered trademark] (Showa Denko K. K.)
Column temperature: 40° C.
Solvent: N,N-dimethyl formamide (DMF)
Flow rate: 0.6 ml/minute
Standard sample: Polystyrene (Tosoh Corporation)
Detector: RI

Synthesis Example 1

In 70.90 g of propylene glycol monomethyl ether, 10.00 g
of diglycidyl terephthalate (manufactured by Nagase Chem-
teX Corporation, trade name: Denacol [registered trademark]
EX711), 4.38 g of bisphenol S, 2.68 g of 2,4-dihydroxyben-
zoic acid, and 0.65 g of ethyltriphenylphosphonium bromide
were dissolved and then the mixture was reacted at 130° C. for
4 hours to give a polymer solution. The obtained polymer
corresponded to the polymer of Formula (22) (a:b:c=10:5:5
(molar ratio)). By subjecting the obtained polymer solution to
GPC analysis, it was revealed that the weight average
molecular weight was 5,300 in terms of standard polystyrene.
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(25)
/\‘/OX
\S/\/\
O// \\O /
b
Synthesis Example 2

In 68.21 g of propylene glycol monomethyl ether, 10.00 g
of diglycidyl terephthalate (manufactured by Nagase Chem-
teX Corporation, trade name: Denacol [registered trademark]
EX711), 2.63 g of bisphenol S, 3.78 g of 2,4-dihydroxyben-
zoic acid, and 0.65 g of ethyltriphenylphosphonium bromide
were dissolved and then the mixture was reacted at 130° C. for
4 hours to give a polymer solution. The obtained polymer
corresponded to the polymer of Formula (22) (a:b:c=10:3:7
(molar ratio)). By subjecting the obtained polymer solution to
GPC analysis, it was revealed that the weight average
molecular weight was 4,800 1n terms of standard polystyrene.

Synthesis Example 3

In 73.60 g of propylene glycol monomethyl ether, 10.00 g
of diglycidyl terephthalate (manufactured by Nagase Chem-
teX Corporation, trade name: Denacol [registered trademark]
EX711), 6.13 g of bisphenol S, 1.62 g of 2,4-dihydroxyben-
zoic acid, and 0.65 g of ethyltriphenylphosphonium bromide
were dissolved and then the mixture was reacted at 130° C. for
4 hours to give a polymer solution. The obtained polymer
corresponded to the polymer of Formula (22) (a:b:c=10:7:3
(molar ratio)). By subjecting the obtained polymer solution to
GPC analysis, it was revealed that the weight average
molecular weight was 4,800 1n terms of standard polystyrene.

Synthesis Example 4

In112.21 g of propylene glycol monomethyl ether, 15.00 g

of monoallyl diglycidyl 1socyanurate (manufactured by
Shikoku Chemicals Corporation), 7.46 g of bisphenol S, 4.59
g of 2,4-dihydroxybenzoic acid, and 1.01 g of ethyltriph-
enylphosphonium bromide were dissolved and then the mix-
ture was reacted at 130° C. for 4 hours to give a polymer
solution. By subjecting the obtained polymer solution to GPC
analysis, 1t was revealed that the weight average molecular
weight was 4,500 1n terms of standard polystyrene.

Synthesis Example 5

In 107.62 g of propylene glycol monomethyl ether, 15.00 g
of monoallyl diglycidyl 1socyanurate (manufactured by
Shikoku Chemicals Corporation), 4.47 g of bisphenol S, 6.43
g of 2,4-dihydroxybenzoic acid, and 1.00 g of ethyltriph-
enylphosphonium bromide were dissolved and then the mix-
ture was reacted at 130° C. for 4 hours to give a polymer
solution. By subjecting the obtained polymer solution to GPC
analysis, 1t was revealed that the weight average molecular
weilght was 5,000 1n terms of standard polystyrene.
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Example 1

To 10 g of a solution containing 2 g of the polymer obtained
in Synthesis Example 1, 0.5 g of tetramethoxymethylgly-
colunil (manufactured by Nihon Cytec Industries Inc., trade
name: Powderlink [registered trademark] 1174) and 0.05 g of
pyridintum-p-toluenesulfonate were mixed, and the mixture
was dissolved 1n 35.4 g of propylene glycol monomethyl
cther and 18.6 g of ethyl lactate to prepare a solution. Subse-
quently, the solution was filtered using a polyethylene micro-
filter having a pore size of 0.10 um and further filtered using

a polyethylene microfilter having a pore size of 0.05 um to
prepare a resist underlayer film forming composition.

Example 2

To 10 g of a solution containing 2 g of the polymer obtained
in Synthesis Example 2, 0.5 g of tetramethoxymethylgly-
coluril (manufactured by Nihon Cytec Industries Inc., trade
name: Powderlink [registered trademark] 1174) and 0.05 g of
pyridintum-p-toluenesulfonate were mixed, and the mixture
was dissolved i 35.4 g of propylene glycol monomethyl
cther and 18.6 g of ethyl lactate to prepare a solution. Subse-
quently, the solution was filtered using a polyethylene micro-
filter having a pore size of 0.10 um and further filtered using
a polyethylene microfilter having a pore size of 0.05 um to
prepare a resist underlayer film forming composition.

Example 3

To 10 g of the solution containing 2 g of the polymer
obtained 1n Synthesis Example 3, 0.5 g of tetramethoxymeth-
ylglycoluril (manufactured by Nihon Cytec Industries Inc.,
trade name: Powderlink [registered trademark] 1174) and
0.05 g of pyridinium-p-toluenesulionate were mixed, and the
mixture was dissolved in 35.4 g of propylene glycol monom-
cthyl ether and 18.6 g of ethyl lactate to prepare a solution.
Subsequently, the solution was filtered using a polyethylene
microfilter having a pore size of 0.10 um and further filtered
using a polyethylene microfilter having a pore size 01 0.05 um
to prepare a resist underlayer film forming composition.

Example 4

To 10 g of the solution containing 2 g of the polymer
obtained 1n Synthesis Example 4, 0.5 g of tetramethoxymeth-
ylglycoluril (manufactured by Nihon Cytec Industries Inc.,
trade name: Powderlink [registered trademark] 1174) and
0.03 g of pyridintum-p-toluenesulionate were mixed, and the
mixture was dissolved 1n 34.5 g of propylene glycol monom-
cthyl ether and 18.2 g of ethyl lactate to prepare a solution.
Subsequently, the solution was filtered using a polyethylene
microfilter having a pore size of 0.10 um and turther filtered
using a polyethylene microfilter having a pore size 01 0.05 um
to prepare a resist underlayer film forming composition.

Example 5

To 10 g of the solution containing 2 g of the polymer
obtained 1n Synthesis Example 5, 0.5 g of tetramethoxymeth-
ylglycoluril (manufactured by Nihon Cytec Industries Inc.,
trade name: Powderlink [registered trademark] 1174) and
0.03 g of pyridinium-p-toluenesulionate were mixed, and the
mixture was dissolved in 34.5 g of propylene glycol monom-
cthyl ether and 18.2 g of ethyl lactate to prepare a solution.
Subsequently, the solution was filtered using a polyethylene
microfilter having a pore size of 0.10 um and further filtered
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using a polyethylene microfilter having a pore size o1 0.05 um
to prepare a resist underlayer film forming composition.

Comparative Example 1

A resist underlayer film forming composition containing
copolymer of Formula (26) as a polymer and further contain-
ing a cross-linking agent of Formula (27) and pyridinium-p-
toluenesulfonate as additives was prepared.

(26)
0 X, 0 X,
P )
‘\/ -
A B
A/B = 50/50 (wt%)
(27)

MeO—\ /70Me
Ne__~N
O:< >:O
N-" TSN
MeOJ L
OMe

| Dissolution Test 1n Resist Solvent]

Each of the resist underlayer film forming compositions of
the present mvention prepared i Example 1 to Example 5
was applied onto a silicon waler using a spinner (spin coat-

ing). The coated silicon water was heated on a hot plate at
205° C. for 1 minute to form a resist underlayer film (a film
thickness of 0.10 um). The resist underlayer film was
immersed 1n ethyl lactate and propylene glycol monomethyl
cther that are used as a solvent for a resist solution. It was
ascertained that the resist underlayer films were 1nsoluble 1n
cach solvent.

[Intermixing Test with Resist]

Each of the resist underlayer film forming compositions of
the present ivention prepared i Example 1 to Example 5
was applied onto a silicon water using a spinner. The coated
s1licon waler was heated on a hot plate at 205° C. for 1 minute
to form a resist underlayer film (a film thickness of 0.10 um).

A commercially available resist solution (manufactured by
The Dow Chemical Company, trade name: UV113) was
applied onto an upper layer of the resist underlayer film using
a spinner. The coated sample was heated on a hot plate at 120°
C. for 1 minute to form a resist film and the resist film was
exposed using an exposure device. After the exposure, post
exposure bake (PEB) was carried out at 115° C. for 1.5
minutes. After development and rinse treatment of the resist
film were carried out, the film thickness of the resist under-
layer film was measured. It was ascertained that intermixing
between the resist underlayer film obtained from the resist
underlayer film forming composition prepared in Example 1
to Example 3 and the resist film did not occur.

[ Measurement of Dry Etching Rate]

Each of the resist underlayer film forming compositions of
the present invention prepared in Example 1 to Example 5 and
the resist underlayer film forming composition described in
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Comparative example I was applied onto a silicon water using
a spinner. The coated silicon water was heated on a hot plate
at 205° C. for 1 minute to form a resist underlayer film. A dry
ctching rate was measured using RIE system ES401 manu-
factured by Nippon Scientific Co., Ltd. under condition of >
using CF, as dry etching gas.

A resist solution (manufactured by Sumitomo Chemical
Company, Limited, trade name PAR710) was applied onto a
s1licon water using a spinner to form a resist {ilm 1n a similar
method to the method described above. A dry etching rate was
measured using RIE system ES401 manufactured by Nippon
Scientific Co., Ltd. under condition of using CF, as dry etch-
Ing gas.

Dry etching rates between each of the six resist underlayer
films obtained from the resist underlayer film forming com-
positions 1 Example 1 to Example 5 and Comparative
Example 1 and the resist film obtained from the resist solution
manufactured by Sumitomo Chemical Company, Limited
were compared. A ratio of the dry etching rate of each resist

underlayer film to the dry etching rate of the resist film (selec-
tivity of dry etching rate) 1s listed in Table 1.

10

15

20

TABL

(L.

1
Selectivity of dry 2>
etching rate

Example 1 1.2%8
Example 2 1.33
Example 3 1.22
Example 4 1.54 30
Example 5 1.59
Comparative Example 1 1.10

The resist underlayer film obtained from the resist under-
layer film formmg composition according to the present 35
invention has _ng 1 selectivity of dry etching rate to the resist
film, and has higher selectivity of dry etching rate than the
resist underlayer film 1n Comparative Example 1. As a result,
compared with the resist underlayer film 1 Comparative
Example, the resist underlayer film of the present invention 40
can reduce the time required for removal by dry etching. An
undesired phenomenon in which the thickness of the resist
f1lm on the resist underlayer film 1s decreased with removal of
the resist underlayer film by dry etching can be suppressed.

[Formation of Resist Pattern] 45

On a silicon wafer, each of the resist underlayer film form-
ing compositions ol the present invention prepared 1n
Example 1 was applied by spin-coating and the coated water
was heated at 205° C. for 1 minute to form a resist underlayer
f1lm. On the resist underlayer film, an EUYV resist solution (a 50
methacrylate resin-based resist) was applied by spin-coating,
and the coated watfer was heated to form a resist film. Expo-
sure was carried out using an EUV exposure device (manu-
factured by ASML, EUV-ADT) under conditions of NA=0.25
and 0=0.5. After the exposure, PEB was carried out. Subse- 55
quently, the sample was cooled on a cooling plate to room
temperature, and subjected to development and rinse treat-
ment to form a resist pattern. Evaluation was conducted to
determine whether 30 nm line-and-space patterns were
formed or not and whether pattern line edge roughness (LER) 60
was small or large by observation of the pattern from above.

As Comparative Example 2 a case of using a substrate
made by applying HMDS (hexamethyldisilazane) treatment
to a silicon substrate, instead of forming a resist underlayer
f1lm, was also tested 1n a similar way. 65

In this specification, 1n a line pattern of the line and space,
the case that a cross section 1n the direction perpendicular to

16

the substrate 1s a rectangular shape 1s evaluated as “good”,
and the case that the cross section 1s a taper (a trapezoid) or a
tailed shape 1s evaluated as “acceptable”, while the case that
a pattern 1s collapsed or the line and space 1s not formed due
to insuificient resolution 1s evaluated as “unacceptable”

The measurement of LER 1s carried out using a Critical
Dimension Scanning Electron Microscopy (CD-SEM). A
pattern edge position 1s two-dimensionally detected from
above and fluctuation of the position 1s quantified as LER.
Specifically, using a white bandwidth detected by CD-SEM,
length of line width at a part of 70% height from the bottom
part of the pattern to the upper face was measured at 400
points and 3¢ calculated from the values of length was deter-
mined as the LER value.

TABLE 2
30 nm Line and LER (nm)
space formation 30 nm pattern
Example 1 good 3.9
Comparative acceptable >4.5

Example 2

As listed 1n Table 2, 1t was ascertained that when the resist
underlayer film forming composition prepared in Example 1
of the present invention 1s used, the value of LER 1s small
compared with the value of LER i Comparative Example 2
and pattern dimension accuracy 1n the manufacturing process
1s high. The value of LER 1s usually required to be 4.0 nm or
less. In Table 2, “>4.5” means that the LER value 1s higher
than 4.5.

The mvention claimed 1s:
1. A resist underlayer film forming composition for lithog-
raphy comprising:

a polymer; and

a solvent, wherein

in the polymer, diphenyl sulfone or a derivative thereof 1s
introduced 1n the main chain of the polymer through an
ether bond, and

the polymer includes repeating structural units of Formula

(1a) and Formula (1b):
(la)
R
w \
WKO ,_..,_./ \_/ /-
\q-/..._ s '\ o
Ol
VR
Ry
(1b)
}‘I OH H H OH H\

Al Ay Az Ag  As Aﬁ/

(where each of R,, R,, R;, and R, 1s independently a
hydrogen atom, an C, _, ; alkyl group, a hydroxyl group,
a methoxy group, a thiol group, an acetyl group, a nitro
group, an allyl group, a phenyl group, or a naphthyl
group; each of A, A,, A;, A, A, and A, 1s indepen-
dently a hydrogen atom, a methyl group, or an ethyl
group; and Q 1s a divalent organic group between two
carbon atoms)
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as the main chain and further a repeating structural unit of

Formula (7):

(7)

2. The resist underlayer film forming composition for
lithography according to claim 1, further comprising a cross-
linkable compound.

3. The resist underlayer film forming composition for
lithography according to claim 2, further comprising a com-
pound for accelerating a cross-linking reaction.

4. The resist underlayer film forming composition for
lithography according to claim 3, wherein the compound for
accelerating the cross-linking reaction 1s at least one selected
from a sulfonic acid compound and a thermal acid generator.

5. The resist underlayer film forming composition for
lithography according to claim 2, wherein the cross-linkable
compound 1s a nitrogen-containing compound having 2 to 4
nitrogen atoms that are substituted with a methylol group or
an alkoxymethyl group.

6. A resist underlayer film forming composition for lithog-
raphy comprising:

a polymer; and
a solvent, wherein

in the polymer, diphenyl sulfone or a derivative thereof 1s
introduced 1n the main chain of the polymer through an
ether bond, and

the polymer includes repeating structural units of Formula
(1a) and Formula (1b):

(la)

(1b)

3 Ay As  Ag

(where each of R,, R,, R;, and R, 1s independently a
hydrogen atom, an alkyl group, a hydroxyl group, a
methoxy group, a thiol group, an acetyl group, a nitro
group, an allyl group, a phenyl group, or a naphthyl
group; each of A, A,, A5, A, A, and A, 1s indepen-
dently a hydrogen atom, a methyl group, or an ethyl
group; and Q 1s a divalent organic group between two
carbon atoms),
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wherein in Formula (1b), Q 1s Formula (2):

(2)
O O

—0—C—Q,—C—0

(where Q, 15 a single phenylene group, optionally substi-
tuted with at least one group selected from the group
consisting of a C, _. alkyl group, a halogen atom, a C, _
alkoxy group, a nitro group, a cyano group, and a C, _
alkylthio group).

7. A resist underlayer film forming composition for lithog-

raphy comprising:

a polymer; and

a solvent, wherein

in the polymer, diphenyl sulfone or a derivative thereof 1s
introduced 1n the main chain of the polymer through an
ether bond, and

the polymer 1s a polyaddition reaction product between at
least one compound of Formula (8a):

(8a)
]5‘{1
AW /-
O s s "\ _on
L
2 ...___‘_‘

(where each of R;, R,, R;, and R, 1s independently a
hydrogen atom, an C, _, 5 alkyl group, a hydroxyl group.,
a methoxy group, a thiol group, an acetyl group, a nitro
group, an allyl group, a phenyl group, or a naphthyl

group)
and at least one compound of Formula (8b):

(8b)
O O

/\ § g /\
HC—C—(C—Q—(C—C—CH

Al Ay Ag As  Ag

|
Ay

(where eachof A, A,, A, A, A, and A, 1s independently
a hydrogen atom, a methyl group, or an ethyl group; and
Q 1s a divalent organic group of Formula (9):

()
O O

—O0—C—Q—C—0—

(where Q, 1s a C,_,, alkylene group, a divalent organic
group having a C,_,, aliphatic cyclichydrocarbon ring, a
phenylene group, a naphthylene group, or an anthrylene
group; each of the phenylene group, the naphthylene
group, and the anthrylene group 1s optionally substituted
with at least one group selected from the group consist-
ing of a C,_, alkyl group, a halogen atom, a C, _, alkoxy
group, a nitro group, a cyano group, and a C, _, alkylthio

group)).
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8. The resist underlayer film forming composition for
lithography according to claim 7, wherein the compound of

Formula (8b) 1s Formula (10):

5
(10)
q H
H,C—C 0
\ /
O 10
C—O—C—C—CH2
H; \/
(Y)m
15

(where Y 1s a C,_, alkyl group, a halogen atom, a C, 4
alkoxy group, a nitro group, a cyano group, or a C,
alkylthio group; m 1s an integer of 0 to 4; and when m 1s
2 to 4, Ys are the same as or different from cach other).

x x * Cx x

20
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